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CHORD, PLA.IN AILERON, OOAND 

45’ SWEEPBACK 

By Walter J. IQumm and Joseph W. Cleary 



1 
.’ 

. 

. 

J 

RAT10IKGADvISCRY COMMITTEE l?oR mRomuTIc!s 

HIGH+ZEE.DAERODYEAMIC CHARAC'IZERISTICS OFAIA~ONTROL 
MODgL. III - SECTION CEARACTERLSTICS, FEXCE STUDIES, 

ANDTABDLATgDHIESSUREC~ICIEmTsWITHMODIFIED 
NACA 001%64 SECTION, 26.Gms 

CHORD, PLAIN AZERON, O" AND 
450 sw5EFBACK 

By Walter J. m and Joseph W. Cleary 

Wind-tunnel measurements of the pressure distribution were made on 
a semispan wing tith a modified NACA 001-4 airfoil section and a plain 
trailwdge aileron with the wing unswept and also swept back 450. The 
effects of compressibilfty on the spsnwise variation of sectfon normal- 
force and pitcmmsnt coefficients were investigated at Mach numbers 
from 0.75 to 0.925. 

The results show that the adverse chsnges in loading end loss of 
aileron effectiveness that developed with the wm unswept as the Mach 
number was increased did not occur,with the wa swept back 45O at Mach 
numbers up to 0.925. Sweeping the wing back 450, however, s&nificantly 
reduced the aileron effectiveness at aubcritic'al Xach nunibers. A fence 
on the upper surface near the midsemispsn of the swept win@; reduced the 
large decreases in longitud-tnnl stability that developed as the -imum 
lift of the wing was approached, but a fence nearer the w3ng tip at about 
0.8 semispsn was of little value in this respect. 

INTRODTJCTION 

An investigation was undertaken in the Ames l&foot hi-peed wind 
tunnel of a semispan w3ng with sn.NACA 00X&64 section aud a X>-percentr 
chord plain aileron as a basis for developing mesns of adequate lateral 
control at high speeds. (S ee reference 1.) It was found from this inves- 
tigation that the aileron overbslanced and lost effectiveness at moderate 
speeds snd was therefore not suitable for a general study. Jn order to 
delsy this overbslsnce and loss in effectiveness, the trail-dge angle 
was reduced from 20.6O to 13 .l" by extending the trailing edge 9 percent 
of the wing chord. The force snd moment characteristics of this modified 
section sre presented in reference 2. 
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The results of measurements of wing pressure dfstribution sre pre- 
sented herein for the wing with the modified section. The pressure data 
were desired to show the spauwise variation of the section normal+Porce 
and pitcu coefficients for sweepback of the 0.229-chard line of 
the wing of O" end 45’ at Mach nu&ers covering the force-ctivergence rsnge 
of the unswept wing. Tests of fences on the 45O swept-back wing are 
included to determine if the decrease in stability that occurred as the 
stsll was approached could be reduced or delayed to a higher lift coeffi- 
cient 4 

. 
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NOTATIOI? 

The coefficfents and symbols used in this report sre defined as 
follows : 

drag coefficient d=43 
( > T 

% lift coefficient lift 
( > T 

cm pitchwment coefficient about a lateral axis passin@; through 

the quarter point of the man aerodynamic chord 
pitching Illanaent 

G= > 

P pressure coefficient ( > Pp, 
9 

cm section pitch- t coefficient normal to'and about the 0.22+chord 
line 

- cn section normal-rporce coefficient of sections normal to the 0.229-Chox.d 
line 

a 

b 

C 

speed of sound in air, feet per second 

semiepsn of model, feet 

chord of the wing parallel to the plane of symmetry, feet 

s man aeroQnamic chord 

k 

. 
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c 
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ps 
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Y 

a 

8a 

?' 

P 

Machnu&er 5 
0 

local static pressure, pounds per square foot 

free-stream static pressure, pounds per squsre foot 

dynamic pressure 
( > iiF V" , pounds per square foot 

Reynolds numberbasedon 'd 

srea of semispas model, squsre feet 

subscript denot3ng uncorrected values 

velocLty of the free air stream, feet per seca 

spanwise distance fromwa root, feet 

sngle of attack of model, degrees 

aileron deflection measured in a plane normal to the hinge l&e, 
positive when the free edge is deflected downward, degrees 

semispas station normsl to a ltie through the sweep pivot point and 
parallel to the 0.22+chord line, percent of the unswept semispas 

mars densLty of air in the free air stream, slugs per cubic foot 

DESCRIPTION C@' MDIXEL AND APPARATUS 

n A semispsn wing panel was tested at two sngles of sweepback, O" and 
45”. The dimensions of the wing at these two sngles of sweep are given 
both in figure 1 and in table I and a view of the 45’ swept+ack Tnstslla- 
tion is given in figure 2. Abafflewas instslledonthewingnesrthe 
tmlwall (fig. 2) to direct the leakage air from the tunnel-wall gap - 
away from the surface of the model. 

As described ti reference 2, the section normal to the 0.22+chord 
line of the wing panel was a modified WGA 001%6& section. The modifica- 
tlon consisted of sn extension of the wing chord at the trailing edge of 
*percent chord. The new traiUnndge profile was determined by straight 
lines tangent to the original section and to the radius of the new trail&g 
edge. This modification reduced the trail-age angle from 20.60 for the 
Ori inal l3AC.A 00~ secti- to 13.1'. The coormtes for this modified 

& set ion which was ll percent thick are given titable II. 

-L 
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. 
The wing w&s fitted tith a leading-edge aileron and a trailinedge 

aileron. The leading-edge aileron was installed as indicated in figure 1 
but was not deflected for the teats reported here. .The chord of the L. 
trailing-edge aileron was 26.6 percent of the wing chord peipendicular to 
the 0.22g-chord line and extended from 0.56 6f the unswept wing semispan 
to the ti-p and fr&n 0.48 of the swep-tiback wing se&span to the tip. This 
aileron had a radius nose tid was flaGsided.and unsealed. For most of 
these tests this aileron was deflected from O" to loo. For both the 
leading- and traiJ.ing-edge ailerons there were‘ gaps of l/1.6 inch between 
the ailerons and the wing as shown in figure 1. 

Six rows of pressure orifice8 (ffg. 3) were placed perpendicular to 
the 0.2a-wing chord iine at 0.179, 0.417, O.%i, 0.724, 0.867, and 0.935 
oftheunsweptwing semispan. The pressures were transmitted through 
tubing to mercirry manometers. 

Fences were located on the 45O swept-back wing at 0.412 and 0.790 of 
the s&span, as shown in figure 3. Each fence had a height of 0.05 chord 
from the wing surface. 

CORRECTIONS TO DATA 

Corrections for tunnel-wall effects to the angle of attack and drag - b.. 
coefficient data for the 45O swept-ba+ wing were applied by the method of 
reference 3 as follows: 1 

a = et,++o.llg cL 

cl) = cQ-o.oogo CL2 

The tunnel wall, from which the semispan model was mounted, was 
effectively a plane of symmetry for the flow over a full-span model. 
Thus the pressure and section coefficients represent those for a full- 
span*model with ailerons identically deflected. The test Mach numbers 
and dynamic pressures were corrected by the method of reference 4 for 
the blocking effect of the model. Owing to the structural rigidity of 
the wing and aileron system the elastic deformation of the model was 
considered negligible. No corrections were made-for the effects of the 
tunnel-wall boundary layer pasaing over the model. This boundary layer 
had a thickness of about 3 Fnches-ti where the velocity in the boundary 
layer was approximately 95 percent of the f&?-stream velocfty. 

. 
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RESULTS AHD DISCUSSION 

The pressure-distribution measurements of this investigation are tabu- 
lated in tables III and IV as press ure-coefficient data for the unswept end 
swept-back wing, respectively, for angles of attack of 0' and z&O and 
deflection angles of the aileron ranging from'OO to 15'. An index to these 
tables of pressure data is given on page 11. Parts of the tables are incow 
plete because of loading limitations of the model structure or failure of 
the photographic recording equipment. 

The results of the pressur&stributicn mcasuremsnts have been inte- 
grated for both the unswept and 45' swepi+back wing to give-the section 
normal%orce snd pltchmment coefficients. With the w3ng swept back, 
the pressure areice stations retained the S~TB distsnce from the sweep 
pivot potit as with the wJng unswept. (See fig. 3.) !I!hu~ the section 
coefficients are presented at statinns normal to a Une that was psrallel 
to the 0.22g-chord llns end that passed through the sweep pivot point. 
These stations at which the section coefficients are presented are given in 
percent of the unswept semispen in figure 3. 

Included in this report are data showing the effects of fences on the 
lift, drag, and pitchjng-moment chsra.cteristics of the 45O swept--back model. 

The average Reynolds nuxihers for the Mach nurdber renge of the tests 
are shown in figure 4. 

Section Characteristics 

The veriaticm of the section normal-force coefficient along the semi- 
span of the uI1GwBpt wing is presented in figure 5 for Mach nu&ers coveP- 
ing the divergence range. It may be observed from these data that there 
was a lack of correlation between the spsn loadings obtained at sngles of 
attack of 4' snd 4O with the aileron undeflected. This lack of s-try 
is believed due to s1Tgh-t inaccuracies fn model construction, to errors in 
a&e-of-attack measurements, snd to sn insufficient number of pressure 
orifices to accurately define the pressure distriburtion. me prlmarg 
effects of compressibility were: first, a loss ¶n effectiveness of the 
aileron, and second, a decrease in the variation of section norms&force 
coefficient with en&e of attack. At sngles of attack from -4' to 4' and 
a Mach nuriber of 0.75, deflect3ng the aileron from Co to 15O increased the 
Section normaleorce coefficient at all spanwise stations. The decrease ti 
effectiveness of the aileron at the supercritical Mach nurihers shown pre- 
viously in reference 2 is indicated in figure 5 by the msrked decrease in 
ability of the aileron to change the section normaldorce coefficient at 4' 
trngle of attack as the Mach number was increased above 0.75. Reversals in 
aileron effectiveness are indicated at -&* angle of attack for Mach numbers 
of 0.85 ad above. 



The wing pressure distribution indicates that these reversals are 
primarily the result of changes in loading over the aileron which effect 
is opposite to that which normally occurred when the aileron was 
deflected at subcritical Mach numbers. 

. 

Y 

A decrease in the variation of section normal-force coefficient 
with angle of attack is readily apparent from figure .5 for Mach numbers 
above abaut 0.825 at all spanwise stations. This decrease appears to 
be most severe at about 60 percent of the semispan, where the tuft 
studi'es of reference 2 showed a region of separated flow near the 
trailing edge. 

The effect of sweeping the wing back 45’ on the variation of 
section normal-force coefficient across the span is illustrated by 
comparing figures 5 and 6. It is apparent that 45’ sweepback was 
sufficient to delay the undesirable effects of compressibility on the 
section normal4orce coefficient to a bch nrnnber above 0.925+ The 
data of reference 2 show that sweeping the wing back 45* reduced the 
aileron lift and rolling moment approximately 50 percent for subcritical 
Mach numbers. This loss in effectiveness at 0.75 Mach number is 
clearly fndicated by a comparison of figures 5(a) and 6(a). However, 
the loss and reversals in effectiveness of the aileron noted previously 
for the unswept wing at the divergence Mach rumiber for this plan form 
did not occur with the wing swept back 45O at esy Mach number to 0.925. 
(See fig. 6.) The center of normal force moved toward the tip when the 
wing w&J @wept back 45’ and for this configuration the effect of 
increasrng Mach number was to increase this-out&d movement. 

E 

1 

The spanwise variations of the section pitchin@tmoment coefficient 
with the wing unswept and swept back 45O are presented in figures 7 
and 8, respectively, to show the torsional moments produced about the 
22.ppercent4bord line. @or the unswept wing at Mach numbers below 
about 0.85, the section ppltching -moment coefficient over the span 
covered by the aileron became more negative with increasing positive 
angles of aileron deflectfon. At a Mach number of 0.85, however, 
somewhat erratic reversals in this normal variation of section moment 
coefficient were noted at -4' angle of.attack, and at the higher Mach 
numbers, reversals also occurred at O" and ho angle of attack. With 
the wing swept back 45O, no such reversals in the variation of section 
pitching+mnnent coefficient occurred up to the highest Mach nuriber.of 
the test (0.925). 

Effects of Fences 

A single fence was placed on'the up-& surface of the 45O 
swept--Back wing parallel to the free air stream either near the 
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midsemispan or near the tip of the wing, as shown in figure 3. The 
purpose of these devices was to retard the spanwise flow of the 
boundary-layer air in an attempt to alleviate the loss 3x1 stability of 
the wing In the upper lift-coefficient range shown in reference 2. The 
lift, drag, and pitwoment characteristics with and without the 
fences are shown in figures g1 10, and ll, respectively. The decrease 
in static longitudinal stability at the higher lift coefficients, 
characteristic of highly swept+ack wings, was reduced in severity when 
the mids&span fence was added (fig. 111, The tip fence did not appear 
to improve the stability characteristics. For Mach nun&era above about 
O-80, a sufficiently high lift coefficient was not reached to show what 
effect the fences would have on the stability near the atail at the 
higher Mach numbers. 

. 

While the gain ?in stability from adding the midsemispan fence 
indicated that separation of flow at the outer sections of the wing was 
probahly delayed, no increase in maximum lift coefficient (fig. 9) was 
observed for the range of Mach numbers at which the maximum lift coeffi- 
cient was reached. Neither the liftcurve slope nor the,.angle of attack 
for zero lift was significantly affected by the addition of either fence 
(fig. 9) l Although the addition of either fence increased the drag 
coefficient slightly (fig. IO), the dra&divergence Mach number was not 
reduced sufficiently to fall within the Mach number range of the test. 

Section normal-force coefficients computed from measurements of 
pressures on a semispan wing with a modified HACA OOl2+% section show 

'that, with the wing unswept, there was a loss in effectiveness of the 
aileron at 4O angle of attack as the Mach nmber was increased above 
o-75. Reversals in the variation of section fiormal-force and section. 
pitching-moment coefficients with aileron deflection were indicated at 
the higher Mach rnmibers. Although sweeping the wing back 45O reduced 
the low-speed effectiveness of the aileron, no loss or reversals in 
effectiveness were noted up to the highest Mach number of the test 
(O-925) . 

A fence near the midsemispan of the swept back wing reduced 
slightly the large decrease in static longitudinal stability that 
developed in the upper lift-coefficient range. A fence nearer the wing 
tip did not improve the longitudinal-stability characteristics. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, California. 
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TABm I.- ~3GIMENsIONS 

DiIE333Bim &swept Swept-back 
wm3 wing 

Semispan, feet 7 5.327 

Semispan mea, squme feet 13.3 13.17 

Aspect ratio (based a~1 full spas) 7.37 4.31 

Taper ratio 0.50 0.4a 

Meas aerodynmic chord, feet 2.01 2.68 

Distance from root chord to mm 
aerodynamic chord, feet 3.05 2.27 

Wing root chord psmil.lel to the 
air strean, feet 2.572 3.442 

Projected tip-chord parsUe to 
the air stream, feet 1.286 1.657 

Sweep of lead- edge, degrees 

Sweep of 0.229 wing-chord line, 
degrees 

2.41 
back 

0 

47.41 
back 

45 
back 

Sweep of trail- edge, degrees 

Sweep of lead-e aileron 
hinge line, degrees 

Sweep of traflwdge aileron 
hinge line, degrees 

Wing thickness, based on chord 
parallel to the air stream, 
percent chord 

Trailing-edge sngle, 3n plane 
parsUe to the air stream, 
aegrees 

a.06 36.94 
forward back 

0.95 45.95 
back back 

5.30 40.60 
forwsxd back 

Il.01 a.39 

13.12 10.0 

9 
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TABXE II.- coclRD- IN mm CHclRD 

FCIR TE!E MIDIFm NACA OOlS@b SECTION 

St&tion Ordinate 

0 
1.25 

5'2 

0 
1.80 
2.4-o 

7.50 ;z 
10.00 4101 
15.00 
20.00 

Z:E 5.41 
35.w 
40.00 ;:2"8 
45.00 
50.00 
55.00 
60.00 

E?: 
go:00 

2.32 
1.21 

100.00 0. 

LE. radius: 1.45 
T.E. radius: .lO 

L 

.’ L 

I 
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(All values In degrees) 

Wing unswept ! Wing swept back 45O 

Table &a % Table 6a 

XI(a) 

(b) 

(4 

(d) 

(4 

(f) 

(Ed 

(h) 

0) 

(3) 

(k) 

(1) 

(4 

(4 

(4 

(P) 

(91 

W 

0 

0 

Ic Iv(a) 

(b) 

(4 

(d) 
(4 

(fl 

(id 

(h) 

(5) 
w 
(k) 

(1) 

(ml 

(4 

(d 

0 

0 

0 

2 

2 

2 

4 

4 

4 

6 

6 

6 

10 

10 

10 

: 15 

j 15 

15 

0 

4 

4 

0 

4 

4 

0 

2 

2 

0 

4 

-4 

0 

4 

-4 10 

0 

4 

4 

10 

10 

%l 

4 

0 

4 

-4 

0 

4 

-4 

0 

4 

'-4 

0 

4 

-4 

0 

4 

0 

4 

. 
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-.I0 
-.l4 

,g 
-- 
-- 
-07 
-Al 
-- 

o.rvn 
- 
0.50 l-z 

it 
A 1.u 

:E 

2 
-.a 
-.a3 
-.L 
-35 

1.u 
:5 

i! 
3! -- -- -09 -.ol -- 

-- 

F-‘09 
-- 

1-u 

:O 

2 
-13 
-.I9 

Leo 

:3 
.03 

-.03 
-.u 
-19 

, 

0 

tg 

-29 
-.d 

0 

T 
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'I!ABm III.- CONTIXUED 

(b) 6a,0°;%,00= 

r Lm---. 
I 

- 
I 

13 
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i TABLEi III.-Cm-D 

(4 ~,,o";~,40. c 

-. __ -_ . r - 
2z 
i-- 

7 

l- 1 
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TABm III.- comm 

Cd) Ba,2°;%,Ao* 

I I 1 -- %9=- 
1 1 T Btr 

tla ZF 
‘f: 
3 

=u” 
-27 

3 
-- 
-- 
-A 
-4 
-- 

Gir 

I$ 

2 

-- 

2$ 
-5T 

2 

2 

=$ 

2 
-A3 

2 
-W 
-37 
-As 
-53 
-.& 

2 
-- 
-- 
-- 

=i 

:f 
a 

-4 

2 
-.=Y 
-35 

3 
-.a 
-71 

2 
-.b 

L 
- 
-- 
- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

L 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

L 

- 
0.9 

- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

Bh- 
*(P 0.R 

5.5 
2% 
s 
SJ 
-lo 
22 -- 
22 
-x7 

G-0 

,I 

22 
-.a 

2 
-- 
-.% 

22 

2 

22 

2 

3 

z3 
.m 

.cn 
-.- 

-a.=7 

23 

yg 

3 
-.39 

22 

23 
-- 

.cn 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-zl 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

z 
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3 
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3 
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z 

SE 
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3 
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-- 

3J 

2 
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z 
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-.a9 
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-.u 
-.q 
-.a 
.a9 

2 

ziz 
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-.I4 
2 

e.19 

22 
-.!a 

2: 

z 

D 

7 
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- 
- 
o.& - 
23 
-01 
-17 -.pD 
-.a, 
-.oo 
-.91 
zi! -- 
-.* 
-17 -- 
-- 

2 
-3 

3 -- 
-.w 
-as 
2 
-al -- 
m 
.L?A 

,$’ 

A 
P 

c 

7 

-- 
zz --P -.pJ --.a -.po 
-19 -.I9 -- -.a -.Ol .ca 
-.os 
xj- 

3 
22 4 -3 
2 -- -0). .a3 -0Y -- 
2% -- -- -- -- 
-.4 -a -23 -.e -.oo 
2 

?j 
ag -- 
2 
3 
2 
g 
-- 
-10 

-3 
2 
2 -.90 
-- 
-.m 
-.OO 
-4 -- 

22 
.a.¶ 

-.P 
-3 
-30 
-.a9 
-2 

3 
-a -- 
-ab 
0 
.oY -- 
Jab - 

-- 
-- 
-- 
2 
-.m 
-.oT 
-37 
:2 

3 
a-r 
:$ 
.a9 

a 
-9 
Jo 

2 

2 
-A6 

z.2 
-.a 
-.06 
-- 
.u 

-- 
-- 
-- 
-.ur 

3 -- 
2 
-4 -- 
-25 
2 
4 
.04 - 

Jo 
-1) 
-.I7 
-.l9 

zi 

2; 

2 

,s 
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.w 
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-- 
-a3 

3 

I::: 
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-.x3 
-.L7 
-.I0 
-- 
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D.(D - 
0.6 o.elY 0.m 0.a 
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-.a 

3 
-2 
-.ls 
-.W 

-.07 
-- 

2 

:Z 
.M 
.4 

-.a 

28 
-09 

2 
2% 
-- 
-- 
-- 

:E 

:S 
.m 
* 

-0s 
-.I 

2% 
49 
-4 

.w 
z 
-- 
-- 

-.: 

:S 
.lo 

Yj 

-.4 
-- 

if! 
0 

.op 
-- 

:Z 

:1 
-- 
0 
-.a 

2 
-.la 
-.u 

zM 
-.m 

:G - 

zi 

3 

-4 
-19 

:t 
2 

_- 
-- 

-- 

“j 

2 
-.w 
I:5 
-.u 
-.Y 
-.Lp 
-.I0 
25 
-- 

:% 

:S 

2 

-.w 
-.10 
-.I0 

-22 
-.op 
p9 
-- 
-- 
-- 

.?a 
a0 

:G 
.03 
.oa 

2 

5; 

7: 

z 
-- 
-- 
-- 

.u 

:% 
J.3 

-- 
.M 
.01 

-.w 
-4 

3j 
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-- 

Iii 

2 
-- 
-.a 
-Go09 

2.T 
-A? 
-.la 

-2 
0 

:E - 
-- 
-.ol 

2 

2 

zij 

-- 
_- 

0.96 
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:2 

:Z 
-.oo 

27 
-.I0 
-.l.l 
-JR 
-09 
-.la - 
-- 

:S 

:P 

2 

2 
-ag 
-3 

3 
-Al 

2% 
-- 
-- 

-.Y3 

:g 

.i 
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-.03 
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-.os 
-03 

.q 
z 
-- 
-- 
-- 

33 

:Z 
.ll 

-- 
.Ds 

2 
-- 

z: 

1s 

2% 
-- 

1: 
A 
.09 

-- 
.ar 

-.Q 

~~ 
-.a 
-A 
-.M 
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-.ol 

.ol 

.03 - 
-- 
-03 
-.oy 
-09 

-g 
A7 

:a 
-.m 
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-- 
-- 
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-.I7 -.ls 
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-.a, -zg 
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-.lQ 
-.m -AI 
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-A 
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-- 
-- 
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.l7 
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-bU 
-4 
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-- 

z 
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-a 
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4 

2 
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-- 
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-- 

:B 
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-- 
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-- 

$2 
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-- 
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-- 
m 
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Jo 
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-.0x 
-- 
-.a9 
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-.x0 
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-- 
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.* 
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-- 
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-.% 
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-.m 
-.I0 
-.u 
-.09 
-- 
-.lo 
-2 
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-- 

2% 

P 

:2 

-2 
-.OJ 
-.oB 
-.u 
-3 
-.ln 
-- 
-229 

-2 
-- 

2% 
-- 
-- 
-- 
-- 
-- 
-.a 

-.lk 
-2s 
-aI 

J 

:g 
-.oe 
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-A 
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-.a8 
-a 
-.Jb 

:z 

23 

T& 

Bu- 
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- 
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-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
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-- 
-^ 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

x 
-- 
-- 
-- 

j 

3 
-.s 
-.a 

2 
II 
-- 
-- 
-- 
LO! 
LO! 
-.9! 
-.a 
-- 
-.$ 

25 
-- 
--1! 
-2 
-.Ol 
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2 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
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-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

= 

@ 

2 
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.m 

2 

-.0x 
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--- 
-.I> 
-.lo 
-- 
-- 

3 

:: 

2 
-- 
-.cs 
-.W 

-.10 
-.w 
-- 

2 

Tj 

-- 
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-.* 
-.0x 
-.06 
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-.W 
-- 
-.ll 

:g 

-2, - 
.m 

:=: 
.oB 
.Ok 
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-.G7 
:g 
-.U 
-- 
-.w 

-:: 
-- 
2 
-- 
-- 
-: 

.lJ 

:g 

-2 
1:s 

3: 
-.0x 

:I 
aT 

-z 
-.(P 

27 
-.I0 
su 
-.4 

2 
-Al 

;;e 

O.& - 
0.23 

a 

3 
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-.m 
-.o) 
-.q 
-.u 
-A 
-- 
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-.lJ -- 
-- 

:a 

:Z 

-z 
-- 
-.0a 
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-.w 
-.I0 
-.u 

,m 
.OL - 

-.M 
.2P 

-- 

2 
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-.08 
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-.lo 
-- 
-.u 
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--- 
* 

:Z 
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.OJ 

-36 
-.n 
-.cl 
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-xi -- 
-3 
-.17 
-.m 
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-- 
-- 
-- 

:S 

:3 
-.w. 
-.oJ 
r: 

I-:g 

-2 
.w 

2% 

-2 
-.0x 

2 
-.u 
-.u 
-.u 
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-.u 
-.ca 

& 
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-zj 
-.* -.Gl -Aa -.u -- 
2 -- -- -G 
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.0x 
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-- 

13 
--.I0 
-.le 
-.u 
-- 
-.m 

.a2 

a 
.* 

-- 

:9 
-.M 
-.oL 
-.oa 
-AD 
-.I0 
-.lo 
-- 
-3 

2% 
-- 

2% 

9 

:S 
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-37 
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-4 
-- 

:3 
0 
-- 

2% 
-- 
-- 
-- 

a4 

:3 

-:Z? 
-.c4 
-.W 

2 
-.m 
-.0x 

:S 
.9 

;= 
-as 

3 
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-.u 

I;:; 

3 

x 
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;$ 

0 

2 
-20 
-.u 
-- 
-.I7 
-.lp 
-- 
z 
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.U 

:Z 
-.ae 
-- 
-a 
-.la 
-.a 
-.ll 
-3 
-- 

.m 

.a 

:$ 
-- 

.09 

-:S 

2 

:z 
-.M 
-- . 
-.la 
-JR 
-.co 
-- 

2% 

2 

:S 
.oK 

-.OJ 
0 
-.a 
-xd 
-Al 
-3 
-- 

z 
.0x 

-- 

2L 
-- 
-- 
-- 

::: 
.os 

-2 
-.co 
so8 
-107 
-a+ 

: 

:Z 
22 

-2 
4.9 
-07 

2 
-.I0 

2 
-.l6 

2 
_- 

.16 

0.p 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
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.m 
-- 

ij 

-.ca 
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-- 
-.U 
-.a 
-.oa 
-- 
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-z- 

:Z 

2 
-.4 
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-.mJ 
-.u 
-.a 
-.U -- 
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-- 
.06 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

0.9 - 

Lj 
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-.10 
-30 
-.% 
-.P 
-.P 
-.s 
-27 
-.JY 
-.JJ 

2 
-- 

IZ 
-.69 

:i$ 
-.a 
1::: 

$2 

-.ca 
.03 - 

-- 
-- 
-- 
-.m 
-26 
-.Tl 
-.60 
46 
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-.PJ 
-.a6 
-3 
-.m 

.G7 
-- 

0 

c 

-- -- -- -.5* 
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A_ -.& 
I:; -- -.19 -2 -.4 
2 
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:3 -.l8 -26 --.I1 -.a .4 -- 
- 

-- -- 
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-- -.b 
1::; -- -.a -A 
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LO 
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-- 
2 
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1:: - -- 
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I:$ -.% 
:s -.I6 -.10 -.os .4 -- 
L 

-- 
-- 
-- 

IS 
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-- 
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-.4 -- 
-3 
-20 
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-- 
-87 
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-.a7 
-- 
-.Y 

2 
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:E 

;fj 

2% 
-- 
-.6 
LCD 
-A 

3 
-.I, 
-.4 
-2s 
-.a* 
0 

.10 
-- 

- 
4 

-- -- -- -.9J 
;$ 
-- 
1:s -.P -- 
gj 
:3 - -- 

2% 
I:$! -- -.I- 
3 
-3 
:ti 
:: - -- 

::$ Lx9 
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52 -.u 
-I -- 

r 

- 

-- 
-- 
-- 
-- 
--. 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
z 

9 

. 
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th) f&,4’;q$‘. 

1 

1 &ah- 
- 
l-50 - 
_- 
_- 
_- 
-- 
-- 
-- 
_- 
_- 
_- 
_- 
_- 
-- 
_- 
_- 
= 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
_- 
-- 
-- 
-- 
-- 
-- 
-- 
- 
-- 
-- 
-- 
-.4 
-3 
-1Y 

3 
-.I, 
-xl 
-.ld 
-. 
-. Y 

2 
.15 -- 

- 
-- 
-- 
-- 
-.a 
I$ 
-.I: 
-- 
-.I: 
-.1 
-. d 
-- 
-.I! 
-4 
-.a 

:ii - 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
II 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
= 

-I- 0.75 - 0.46 -a 
3 -93 -.pP - 
1% -.a3 
-23 -.4 -- 
L -45 -.a 
12 
-x4 -- -.a3 
3 -.I9 -.4 -- -.09 .ol 
2 
-- -a6 -9.7 
22 -.-a3 - -.n -.U -- -.1) 
r:g -- 
2% A -.P -.30 
:z 
3 
-.* 
ij 
-- 

m -- -- 
3 -.la 

sj 
-.06 -.a0 sop 
2 252 

-2-f 
3 -.m -.ra 
2.i -a3 
=l% -- 
.II 

0.90 - 
-- 
-- 
-- 
-- 
-- 
-- 
7- -- 
-- 
-- 
-- 
-- 
-- 
-- 
= 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- - 
--2 -- 
-.a8 
2 
-95 
I::: 
-.pI -.m -- 
-3 
-.I 
-.d -- 
ti 

,:: 
-3 
-90 

3! 

z 
-- 
1:: 
.oL -- 

-09 
-- 
-- 
-- 
-- -- 
-- 
-- 
-- 
-- 
-- -- 
-- 
-- 
-- 
-- 
-- 
z 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
= 

0.m - 

Es 
-.09 
-.ll 

.a 
-.I3 
1:: 
-.P 
-.* 
- 
-a 
::g 
2x 
-- 

3 

2 
-.l6 
I:% 

r: 
-3 
-.u 
-.01 
-.o) 

.gc - 
-- 
-- 
-- 

I:: 
-.I4 
-.l6 
-.I5 
:z 
-4 
22 
-.09 
-Al 

25 -- 

.m - 

i2 
-.I3 
0 
-.I, 

7.z 
-.BD 
-.pI 
-.a 
-23 
-.?I 
-.I’ 
‘16 
-- 

3 
-19 

I::; 

?’ 
-.a 
-.9X 
-al 
-A4 

22 
.a 

- 
-- 
-- 
-- 

3 
-:I& 

z:,’ 
-.x9 
-.I 
-.J 
-27 

2 
-.a 

.l3 
-- 

D D -- 
-- 
-- 
-4 
I2 
-3 -- 
r::: 
-J3 -- 
-.u 
-.4 -.(P 
:t - 

-- 
-g 
-34 
-.a6 -- 
I$ 
-.06 
-2 
z 
:Z 

-I$ 

-2 
-20 
-.oE 
-.lI 
-a 
-29 
-.l2 
-24 
-.W 
.(R -- 

= 

-- 
--. 
-- 
3 
-25 -2, -- 
-27 
I2 
-- 
-.I4 
2 
13 - 

-- 
z 
-.4 -- 
-.oB 

rz 
-Iii 
:Z 
:% 

.q 
-- 
-.u 
-2.7 -.I9 
I:: 
-.14 
-.14 

2 
-m 
.a -- 

= 

-- 
-- 
-- 
-.W 
-2.9 
1::: 

3 
-.u 
-- 
-.J 
0 

:Z - 
-- 

A4 
--.a 

22 
-- 

2.2 
-.ob 
--4 
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.a 
Jo 

5 
-IT 

2 
-- 
-.u 
2.2 

-2 
-24 
-.l4 
-.ll 

-13 
-- 

z 

-- 
-- 
-- 
-.m 
-3 
-25 
-3 
-- 
-.a 
-27 
-.4 -- 
-.I4 

2 
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-- 

-2 
-.o) 
-.a 
-- 
-.ca 
-.m 
-37 
-.4 
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2 

:: 
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-- 
-4 
-.I9 
-.U 
-.u 
-.I, 

3 

2s 
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-- 

= 
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-3 
::P -- 
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:S 
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-- 
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-- 
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-- 
z 



38 IIACA RM A50Hl.7 

TABIE IV.- CONTm 

(0 q3,40iQ40. . 

-. 

l- B&Oh- - 0.93 - -- 
%W 
z.j 
m -.a -a) -.cd -.I.9 -.u -23 -.lo 

1D -- 
:Z 
:P 
:Z -m -.Qs -.09 

2 .a3 -Al 
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$ 
-33 -24 -- -.pI -21 -- -- 
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-- 
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-.a3 
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-- 
-- 

2 
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-- 
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.m 
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-.a? 
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:E 
.a 

-- 

2 
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.m 

2 
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-- 

ig 
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-.U 
-.Ip 
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-.m 
_- 

z 
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-- 
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-- 
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-- 
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e 
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0.m 
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:2 

2 
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-Al 
-.u 
-a3 
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-- 
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:E 
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-.op 
-.cn 

=I3 
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-- 
-- 

-35 

:9 

2 
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-.ce 
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-.I* 
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-- 
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-- 
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-.03 
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:g 
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-- 

A9 

:$ 

-- 

:Z 

:$ 

1: 

:2 
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-- 

:: 

:S 
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-.u 
-.Ip 
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-- 
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-: -- 
A4 
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-.3 
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-.u 
-.04 
-- 
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-.63 
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-.48 
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-- 

3 
-.01 
-- 
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-- 
-- 
-- 
-.e 

2 
-.c 
-3 
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-.s3 
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-03 
-01 

I; 

yj 
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-.pP 
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.M 

.ce 
-87 
-4 
-.a3 
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-.u 

?Z 
-.U 
-- 
0 

25 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
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TABI IV.-CONTIJYWD 

(n) 6*,10°;~,00. 

r -l 

t - 
m3 - -- 
5: -A 

.03 -.a soa -.I2 -.v 
-.m 
3 
s19 -- 
-2 -rn 
:2 
2 
3 
-2 -.09 
2% -- -- -- 
-A 
rz 1 
1:s 
i: 
-.=9 -.a 
:G -- 
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-.w -.m 

.4 0 

3 ::: 
-- -- 

-- -- 
-- -- 
-- -- 

2 -.u -- 
-.m -.lQ 
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-.u -a 
-3 -J9 
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-.I, 

2; 

-.a0 
-.91 
-al 

2 
-.u 
-.op 
-- 
c 

-- -- -- 
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-.u -- 
-A0 
3 -- 
-A 
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Wing unswept 

chord line ’ I 
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Secfion A-A 
Modified NACA 0012-64 secfion 

.I- 5.327’ ------d 

Figufe /.- Geometry of fhe mode/. 
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&1 47 17% 
hctyeokom 78.5 72.8 4818 33.0 /3.0 
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Tip fence 

49 

Figure 3.- Locafion of pressure-orifice stations and fences. 
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I I I I au.0” I I I I 

0 20 40 60 80 iO0 

0 
2 --P 
4 ----BS 
6 ------------ 
/o ------- - -- mmm- - -- ---- --- _ 
/5 -------- 

0 20 40 60 80 IO0 
Percent semispun, Q’ 

f/gure5.- Spanwise vafiufion of the secfion normul-force coef- 
ficisnf. Wing unswept. 
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Percenf semispan, Q’ 

(‘2) M, 0.80. 
Figure 5.-Continued. 
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